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Influence of SiC and FeSi addition on the characteristics of gray
cast iron melts poured at different temperatures
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Abstract

The influence of silicon carbide and ferrosilicon as silicon carriers on the cooling curve characteristics, fluidity, microstructure, chill depth
and hardness of hypoeutectic gray cast irons poured at different temperatures has been investigated. It has been found that the addition of SiC
instead of FeSi as a silicon carrier resulted in variations in the thermal analysis characteristics and microstructure together with increasing
fluidity as well as decreasing chill depth for the whole range of pouring temperatures explored. Microstructural studies revealed that SiC
addition resulted in the maximum amount of A-typed graphite with a more uniform distribution. The finest microstructure (i.e. refined eutectic
c iron with a
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ells) was also obtained with SiC addition. These observations were attributed to the pre-inoculation behavior of SiC in gray cast
low fading tendency within the melt during solidification.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Silicon carbide is a compound containing 70% silicon
all compositions are weight percentages unless otherwise
ndicated) and 30% carbon. It is commercially produced
y the reduction of silica sand with carbon, in the form of
etroleum coke, in cylindrical electric resistance furnaces.
he outer layer of the furnace product, containing approx-

mately 90% SiC is known as metallurgical silicon carbide
nd can be used as an alloying additive for introducing sili-
on and carbon into gray cast iron[1–4], ductile iron[5–7]
nd steel[8] melts. Several researchers have reported the
eneficial effects of SiC addition to gray cast iron melts.
hese include the slow fading of its inoculation effect[9],

ts effectiveness in improving the microstructure (especially,
raphite type and distribution)[1,10], enhancing machinabil-

ty [4,11] and improving mechanical properties[4]. It has
lso been reported[12,13] that the ability of SiC for reduc-

ion of FeO and MnO in the slag leads to increased refractory
ifetime.

It has been claimed[1,4,10,11]that addition of SiC to
gray cast iron (as compared with FeSi) can increase th
uidus and eutectic temperatures as well as the A-type gra
content and eutectic cell count. However, to the best of th
thors’ knowledge, there has been no systematic investig
of the influence of FeSi and SiC addition on the charact
tics of gray cast irons poured at different temperatures. I
present study, the effects of SiC and FeSi as silicon ca
on the cooling curve characteristics, fluidity and microst
ture of gray cast irons poured at different temperatures
been quantified and compared to each other.

2. Experimental procedure

The experimental alloys were made with a constant
of 50% cast iron scrap and 50% steel scrap of chemical
positions given inTable 1. Melting was performed using
2.7 kHz coreless induction furnace with a nominal hold
capacity of 25 kg iron. The first heat series was treated
∗ Corresponding author.
E-mail address:fakhlagh@ut.ac.ir (F. Akhlaghi).

ing heating with addition of FeSi (75% Si, 1.5% Al, 1% Ca,
balance Fe) and the second series by addition of 90% grade
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Table 1
Chemical composition of iron and steel scraps

Materials (scrap) C (%) Si (%) S (%) P (%) Mn (%)

Iron 3.7 2.6 0.006 0.018 0.15
Steel 0.4 0.3 0.023 0.020 0.74

granular silicon carbide (63% Si, 27% combined C, 2.5% free
C, 0.03% S, remainder Al2O3 and SiO2). For both series, the
final chemical composition as well as the carbon equivalent
(CE) of the melts was kept relatively constant by adding car-
bon in the form of petroleum coke (94% C, 0.35% S, 0.06%
N, 0.04% H, balance ash) together with other alloying addi-
tives. The final chemical compositions of the melts are shown
in Table 2. The addition of SiC, petroleum coke and 50% of
the FeSi was done progressively during the melting stage and
the remaining 50% of FeSi was added to the melt in the fur-
nace (after removing the slag), 10 min before pouring into the
preheated ladle at 1350◦C. The melt was poured at different
temperatures (ranging from 1350 to 1500◦C) into the moulds
after addition of 0.3% FeSi (of composition given above) to
the melt in the ladle.

A personal computer equipped with A/D converter and K
type thermocouples was used to record the cooling curves
of cast iron melts poured into cylindrical CO2–sand moulds
40 mm in diameter and 65 mm in height. Cooling curves and
their first derivative curves were used to determine the under-
cooling of each melt (to an accuracy of±2◦C). The spiral
method was used to measure the fluidity of the melts.

The eutectic cell count was quantified by the line intercept
method (accuracy,±5%). The fraction of various graphite
types was estimated visually by the point counting method
( ter
a ttom
a ness
m

value
o
w uracy
± od.

T
T f samp

A Mn

S 0. .111
S 0. .107
S 0. .087
S 0. .091
F 0. .127
F 0. .117
F 0. .081
F 0. .057

Table 3
The variation of liquidus and eutectic temperatures as well as undercooling
for samples treated with SiC and FeSi

Additive Pouring
temperature
(◦C)

Liquidus
temperature
(◦C)

Eutectic
temperature
(◦C)

Undercooling
(◦C)

SiC 1350 1188 1154 4
SiC 1400 1190 1152 6
SiC 1450 1192 1150 8
SiC 1500 1192 1145 13
FeSi 1350 1180 1144 14
FeSi 1400 1181 1144 14
FeSi 1450 1185 1140 18
FeSi 1500 1189 1132 26

3. Results

The effect of SiC and FeSi addition on the cooling curve
characteristics of cast irons poured at different temperatures is
summarised inTable 3. It can be seen that for both cast irons,
the liquidus temperature increases, the eutectic transforma-
tion occurs at lower temperatures and the eutectic undercool-
ing increases with increasing the melt pouring temperature.
These results also show that using SiC instead of FeSi as sil-
icon carrier increases the liquidus and eutectic temperatures
and decreases the eutectic undercooling.

The variation with pouring temperature of A-type graphite
percentage and eutectic cell count is shown inFig. 1. It can be
observed that for both the SiC and FeSi treated cast irons, the
increased melt pouring temperature decreases the A-typed
graphite content as well as the eutectic cell count.Fig. 1a
shows that more A-type graphite is formed in the SiC treated
melt (as compared with FeSi) and at a relatively low pouring
temperature (1350–1400◦C), the SiC treated iron exhibited
100 vol.% of A-type graphite flakes.Fig. 1b shows that within
the present set of experimental conditions, the eutectic cell
count is higher for SiC treated irons. The typical photomi-
crographs inFig. 2 illustrate the variation of graphite type
and distribution in cast irons treated with SiC and FeSi, and
poured at 1400◦C. These micrographs support the data pre-
s eal
t iC
t and
accuracy,±5%). Cylindrical test bars (20 mm in diame
nd 120 mm in height) were sectioned 20 mm from the bo
nd used for metallographic examination as well as hard
easurements.
A Brinell hardness tester was used and the average

f at least five measurements was considered. W2 chill
edge samples were used to measure chill depth (acc
0.2 mm) according to the ASTM A367-90 standard meth

able 2
he additives, pouring temperatures and final chemical composition o

dditive Pouring temperature (◦C) C Si

iC 1350 3.40 2.11
iC 1400 3.40 2.10
iC 1450 3.38 2.09
iC 1500 3.38 2.11
eSi 1350 3.42 2.10
eSi 1400 3.41 2.10
eSi 1450 3.37 2.11
eSi 1500 3.34 2.13
,

les (wt.%)

P S Cr Cu CE

912 0.021 0.052 0.359 0.605 4
914 0.021 0.047 0.360 0.581 4
911 0.020 0.048 0.352 0.603 4
905 0.022 0.052 0.350 0.602 4
905 0.023 0.061 0.342 0.599 4
915 0.023 0.059 0.358 0.598 4
900 0.021 0.052 0.335 0.596 4
885 0.022 0.058 0.340 0.608 4

ented in theFig. 1regarding the graphite type and also rev
he more uniform distribution of graphite flakes in the S
reated cast irons. The variation of fluidity, chill depth
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Fig. 1. The influence of SiC and FeSi addition on: (a) A-type graphite volume
percentage and (b) eutectic cell count of gray cast iron melts poured at
different temperatures.

Fig. 2. Microstructure of gray cast irons containing (a) SiC and (b)FeSi,
both poured at 1400◦C.

Fig. 3. The influence of SiC and FeSi addition on the (a) fluidity; (b) chill
depth and (c) hardness of gray cast iron melts poured at different tempera-
tures.

hardness with melt pouring temperature is shown inFig. 3.
It can be observed that for both the SiC and FeSi treated cast
irons, the increased melt pouring temperature increases both
the fluidity and chill depth and slightly increases the hardness
of cast irons, while SiC treated cast irons exhibit higher fluid-
ity as well as lower chill depth and hardness than FeSi treated
ones, for the whole range of pouring temperatures explored.

4. Discussion

Numerous attempts have been made to investigate the
nucleation and growth behaviour during solidification and
subsequent solid-state phase transformation of cast irons
by employing several techniques such as thermal analysis
[14–16], metallographic techniques[17] and using physical
modeling[18,19]. However, there is a general agreement to
consider that austenite and graphite grow cooperatively be-
ing both in contact with liquid phase. In addition, it is well
known that increasing the superheating (i) destroys the ef-
fective nuclei in the cast iron melt as a consequence of the
fading of the inoculation potency and (ii) increases the un-
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dercooling[20]. Consequently, the critical nuclei size radius
(r*) decreases. Therefore, the observed decrease in the eu-
tectic temperature with increased melt superheat (Table 3)
can be attributed to the decreased effectiveness of the nuclei
in the cast iron. The increased eutectic undercooling for in-
creased melt superheat, observed in the present experimental
results (Table 3), has also been confirmed by other inves-
tigators[21]. This effect in turn, can explain the decreased
A-type graphite content as well as the reduced eutectic cell
count observed for the increased melt pouring temperature
(Fig. 1), which is in agreement with other reports[21,22].
However, it has been reported[20] that the reduced critical
nuclei size (r*) is more influential in increasing the liquidus
temperature. In fact, the increased superheat decreases the
solidification rate via its effects on heating the mould mate-
rial and consequently decreases the undercooling for austen-
ite formation[14,21,22], therefore, the austenite formation
occurs at higher temperatures (Table 3). The increased melt
fluidity with increased pouring temperature (Fig. 3c) is obvi-
ous[23]. In addition, the increased chill depth observed for
cast irons poured at higher temperatures (Fig. 3b) can be at-
tributed to the decreased graphitisation tendency in the melts
during solidification due to the minor decrease in the carbon
equivalent for increased melt pouring temperature (Table 2),
resulting in a higher carbide formation. The hardness of cast
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the SiC particles reduces the carbon content of the rest of
the melt and thus nucleation of austenite occurs at higher
temperatures.

In agreement with this model, SiC addition results in
higher liquidus and eutectic temperatures as well as lower
undercooling (Table 3), higher eutectic cell count (Fig. 1b),
and lower chill depth (Fig. 3b) than FeSi for cast irons with
identical melt pouring temperatures. The relatively short, ran-
domly distributed dendrites that can form with SiC additions
[1] could result in the higher A-type graphite formation ob-
served in the SiC treated irons as shown inFig. 1a. The higher
fluidity of SiC treated cast iron melts than FeSi at identi-
cal pouring temperature (Fig. 3a) can be attributed to the
increased A-type graphite as well as decreased amount of
dissolved gases and inclusions[2]. These results are consis-
tent with the reports of investigators who observed increas-
ing liquidus and eutectic temperatures[1], increasing A-type
graphite[1,2,4], increasing eutectic cell count[4,27]and de-
creasing chill depth[10,28]when FeSi was replaced by SiC
as a silicon carrier.

5. Conclusions

The effects of addition of SiC and FeSi as silicon carriers
on the fluidity, cooling curve characteristics, microstructure,
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ron is influenced mainly by chemical composition and
rostructural features including graphite type, graphite
ent and cell count. Seah et al.[22] have demonstrated th
he decreased eutectic cell count with increased melt po
emperature is accompanied with increased perlite con
herefore, the slight increase in the hardness with incre
ouring temperature can in part be attributed to the incre
erlite content as a consequence of decreased eutect
ount (Fig. 1b). Similar effects of melt pouring temperatu
n the cooling curve characteristics and microstructural

ures of gray cast iron have been reported by several au
ho found increasing liquidus and solidus temperatures[24],
ecreased A-type graphite[25], decreased eutectic cell cou

24,26]and increased chill depth[25,26].
SiC does not dissolve immediately when added to the

nd its dissolution is slow, giving a pre-inoculation effect
ades slowly and remains effective for several hours[2,9].
he pre-inoculation behavior of SiC in gray cast iron m

s not well understood, but it has been claimed[1] that dur-
ng the dissolution of SiC in the melt, graphite clusters
ormed around the SiC particles, as a result of local su
aturation of the melt with Si and C. These graphite clus
hich are thermodynamically metastable for a certain

iod of time, play an important role in the pre-inoculat
ffect of SiC in the melt and promote the graphite for

ion and eutectic nucleation. The dissolution of FeSi can
ead to graphite cluster formation, but because of its fa
issolution rate, these clusters remain stable for only
eriods. Hence, during the dissolution of SiC, more grap
lusters are formed which persist for longer than during
olution of FeSi. Formation of many graphite clusters aro
l

ardness and chill depth of gray cast irons poured at diff
emperatures were investigated and the following conclu
ere made:

. The increased melt pouring temperature resulted i
creased liquidus and eutectic undercooling as well a
decreased eutectic temperature. In addition, the incre
melt superheating caused the decreased A-type gra
content, increased chill depth as well as decreased eu
cell count.

. Use of SiC addition as a silicon carrier resulted in hig
liquidus and eutectic temperatures, A-type graphite
tent and increased eutectic cell count as well as a
uniform distribution of A-type graphite than FeSi ad
tion.

. Addition of SiC instead of FeSi resulted in increased
idity and hardness together with decreased chill dep
gray cast irons.
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